This research uses content analysis and discourse analysis methods to study the "Intellectual Merit" and "Broader Impacts" criteria described by 50 engineering graduate students in 11 disciplines in their successful applications to the National Science Foundation's Graduate Research Fellowship Program. This research analyzes the characterizations of "intellectual merit" and "broader impacts" within their proposed research across the engineering disciplines as an indicator of disciplinary identity and disciplinary culture. Academic Literacies Theory guides the analysis, which posits that graduate students learn the discourse patterns which are embedded within social (disciplinary) structures of the individual disciplines as they establish their own disciplinary identity. Analysis of the discourse within the research proposals shows what the graduate students identify to be the values and impacts of their discipline, and how they envision their future graduate work fitting into the ideals. Rather than seeking to "define" each discipline, this research provides insight into the trends in emphasis which different disciplines in engineering across the U.S. place on various indicators of merit or impact. Findings related to the distribution of disciplinary values may provide engineering educators more insight on how to best "match" student engineering ideologies with an appropriate discipline.
Introduction
The National Science Foundation (NSF) supports the annual Graduate Research Fellowship Program (GRFP), which awards promising young science and engineering graduate students financial support and stipend for three years of their graduate studies. The GRFP requires two written documents as a part of the application package, one of which is a research statement by which students propose their intended graduate research project. The criteria by which the written documents are assessed are by the intellectual merit of the project-or the potential of the project to "advance knowledge and understanding within its own field or across different fields", and broader impacts-"the potential of the project to benefit society and contribute to the achievement of specific, desired societal outcomes" 1 . The fellowship program is open to U.S. citizens or permanent residents in their senior year of undergraduate programs, first year, and second year of graduate programs.
The NSF GRFP written research proposals are valuable documents for engineering education researchers who study the ways in which graduate engineering socialize into the roles, expectations, and norms of their academic research disciplines. Because the fellowship program is open to only early-career graduate students, the written statements capture the language patterns and characteristics of students transitioning from being consumers of knowledge (at the undergraduate level) to producers of knowledge as graduate students. As part of a larger research initiative studying engineering writing and argumentation patterns of winners of the NSF GRFP, in this study, we seek to capture the ways in which graduate students argue for the intellectual merit and broader impacts of their research proposals, as a way of understanding the values with which novice graduate students are aligning. Furthermore, in this particular study, disciplinary differences in these characterizations are noted as they pertain to the development of students' engineering disciplinary identity. The research questions that govern this study are as follows:
(1) How do engineering graduate students describe and argue for the "intellectual merit" and "broader impact" of NSF GRFP research proposals? (2) What is the distribution of these themes across disciplines? Do the narratives and argumentation patterns regarding the Merit or Impacts criteria vary according to the disciplines? (3) How do these findings describe how students may be developing a disciplinary identity and "narrative of self" through the NSF GRFP research proposal task?
II. Literature Review and Theoretical Framework
The development of and enactment of engineering identity is a concept that is becoming of interest to engineering education researchers, mostly because of its implications in attracting and retaining a diverse body of students, and therefore, of future engineers [2] [3] [4] . Formative experiences within engineering can help students (especially those with an ambivalent engineering identity or those at risk of attrition) gain the experiences to help them see themselves as engineers 5 .
Some identity researchers theorize that identity construction is a manifestation of a "narrative of self," which is a fluid and malleable vision of one's own personhood 6 . Winberg 7 discusses the practices involved in changing identities as "ventriloquation" (citing Bakhtin 8 ) as students learning within a community of practice embody different narratives. Dannels 9 suggests that for engineers, identity development occurs "through experiencing disciplinary genres, engaging in disciplinary research, and interpreting disciplinary texts" (p. 7) citing scientific writing and speaking as tied to engineering identity. In fact, the production of engineering rhetoric is important in knowledge construction, socialization, and negotiation of disciplinary tensions within the development of an engineering identity 9 . Engineering and technical communications researchers also argue that a part of this success is that within such verbal-based activities, students are practicing the authentic engineering discourse needed to consider oneself "an engineer" 10 .
At the graduate level, some level of professional or academic identity has been achieved through bachelor's level education. However, the expectations for disciplinary socialization are much stronger within the apprenticeship model of graduate education in the U.S. As graduate students work under a particular member of an academic discipline, they are able to participate fully in the activities, the expertise, and the communication patterns of the discipline 11, 12 . Subsequently, the development of an engineering and research identity as a member of a disciplinary community is important in persistence of engineering graduate students: Graduate research advisors cite the lack of socialization into disciplinary norms and practices as one of the main causes for doctoral student attrition over all fields 13, 14 .
The importance of developing an engineering disciplinary identity is well-studied as it relates to professionalism, skill development, and retention/persistence; the epistemological differences between engineering departments have not been covered. 17 and Dryburgh 18 studying identity development in women engineers) or focus on a population of a homogenous group of engineers from the same subdiscipline (see Frye, Montfort, Brown, and Adesope 19 studying civil engineering students, and Dukhan, Schumack, and Daniels 20 studying mechanical engineering students). Developing a cohesive "definition" of engineering disciplines is becoming increasingly complex as newer "specialty" engineering disciplines are formed in order to meet interdisciplinary technical challenges. For example, Johnson and Schreuders 21 discuss this very issue in bioengineering undergraduate and graduate degree programs as they seek to "overcome [a] tendency for fragmentation" to achieve a cohesive identity as a discipline (p. 39), identifying a common essence that bridges a variety of research interests in faculty and graduate studies. As one example, the field of civil engineering-one of the oldest engineering disciplines-seeks to brand itself as a discipline offering particular skills in reference to the needs of the future 22 but is meant to offer a definition of a particular disciplinary vision, rather than understand the nuances between the engineering disciplines.
In an ever-more interdisciplinary world, with engineering being a "boundary-spanning" 23 profession that crosses disciplinary boundaries to design processes and products to better the world, some may argue that the lines between disciplines fade. Certainly, there is more boundary work happening, for example, between mechanical engineering and biomedical engineering, chemical engineering and environmental engineering. However, if "fit" into engineering is such a pivotal component to attracting and retaining diverse groups in engineering, then educators may consider the importance of defining and highlighting disciplinary cultures. More "human"-centered engineering subdisciplines, such as biomedical engineering, have capitalized on the impacts of their particular engineering work as they relate to women who seek careers that have a broader impact on human lives. Indeed, biomedical engineering is often cited as a benchmark for women in engineering fields 24 , as their demographics tend to reach critical mass at the student and faculty levels, although there is still work to be done in retaining women across all levels in engineering fields 25 .
In this research, we seek to investigate disciplinary values and messages through analysis of indicators of research merit and impact within graduate student research proposals awarded the National Science Foundation Graduate Research Fellowship Program (GRFP). Analysis of the discourse within the research proposals shows what the graduate students identify to be the values and impacts of their discipline, and how they envision their future graduate work fitting into the ideals. Rather than seeking to "define" each discipline, this research provides insight into the trends in emphasis which different disciplines in engineering across the U.S. place on various indicators of merit or impact.
This work subscribes to Academic Literacies Theory 26 as a theoretical framework, which posits that for graduate students, "academic literacy" is much more extensive than understanding what specific words or terms mean. Rather, in becoming a member of a discipline, students learn to convey appropriate information, and appropriate amounts of information in the appropriate syntax and context, subscribing to the values of their academic disciplines. Therefore, the disciplinary norms, expectations, and rewards systems promote reproduction of disciplinary rhetoric and values: In addition, learning to write for a disciplinary audience encourages graduate students to embody a new narrative which itself promotes the development of disciplinary identity.
III. Methods
This research is part of a larger study evaluating the academic writing and argumentation patterns of graduate students. This research uses the NSF GRFP as an authentic engineering writing task through which to study some of these patterns. Participants were recruited for the study using a purposive sampling method: The winners of the 2015 cycle of the NSF GRFP are announced publically, and the researcher sorted the data to access the names and institutions of the engineering winners (excluding engineering education and STEM education.) There were 510 engineering winners: 310 had publically-available contact information from their institutions online. Recruitment emails containing a link to an online survey were sent with the recruitment email, through which participants consented to participate in research, provided demographic information, and uploaded their winning NSF GRFP Personal Statement and Research Statements, the documents that were required for the application process. The participants were given the option to request that excerpts of their writings not be included in any reports of the data, due to the sensitive nature or intellectual property issues within promising research fields. In total, 50 participants spanning 11 engineering disciplines completed all aspects of the research after the resulting survey data were cleaned for missing sections. No quota sampling methods were employed to quota sample either for discipline or any other demographic group. The data that are analyzed for this research are the 50 NSF GRFP research proposals. For context, 23 of the 50 identified as women, which is not representative of engineering as a whole.
Summative content analysis methods 27 were used to describe the categories in which participants argued for intellectual merit and broader impact criteria. Elements of academic merit and broader impact were open coded through a post-positivist lens 28 . This paradigm was selected since there is no positivist "correct" answer for how the proposal as a whole demonstrates intellectual merit or broader impact, but the disciplinary panels of reviewers decide the value of the research proposal and the application as a whole in accordance with these criteria. At the end of the coding process, a comprehensive codebook was established that encompassed the elements of broader impact and intellectual merit using both in vivo codes (examples of criteria elements provided through NSF resources) and emergent codes repeated by multiple participants in their research statements, and through axial coding methods a total of five Intellectual Merit themes and 15 thematic elements were established. At the end, the themes were sorted into the overarching "Intellectual Merit" and "Broader Impacts" themes as defined by the NSF, understanding that there are elements of both that overlap, and that NSF holistically considers the benefits to the research communities and to broader stakeholders to evaluate all proposals including the NSF GRFP.
The theoretical basis of content analysis methods assume that all human artifacts-written work, visual items, various modes of communication-inherently show the priorities and values of the communicator and the groups who are receiving the message 29 . Observational inferences can be made by quantifying the occurrences of a particular manifestation of a phenomenon, which can lend insight into the ways in which graduate students show elements of Broader Impact and Intellectual Merit. Although these are the explicit criteria by which the NSF GRFP is judged, the types of activities that students classify within each group unveil the attitudes and perceived importance of academic engineering activities and what the students believe is valued by the disciplinary community. Since these participants did indeed win the competitive national fellowship, it can logically follow that the disciplinary community (via a panel of expert reviewers) confirms these values as being important. Table 1 presents a chart of the themes, or indicators of merit/impact, that were present in the 50 research statements. Many of the impact markers are traditional indicators of academic success, such as the opportunity to publish at conferences or in journals, a statement of impact on the immediate community or extension of results, findings, or tools to other research communities.
IV. Results

A. Themes for Intellectual Merit and Broader Impact Criteria
In the table, it should be noted that many of the examples were coded as multiple categories across both the Intellectual Merit and Broader Impacts criteria. This is an effect of the condensed format of the NSF GRFP research statement being two pages, which requires applicants to be concise and use their sentences to function for multiple purposes. The features of the examples that comply with a particular theme are in boldface. The words in italics are true to the participant's usage. Participants varied in their levels of precision in these themes: Some participants discussed in great detail the types of findings they expected and to what journals and conferences to which their work would be submitted. Each of these explicit mentions was counted individually in the frequency counts. Other participants mentioned participating in conferences or publishing in peer-reviewed journals more generally, and these were still coded into the respective theme, but only one "count" was given, rather than if the participant discussed specific plans.
Some indicators of intellectual merit blur with the broader impacts criteria, especially for projects that resolve or study technical problems that affect large populations of people. For these projects, participant research statements noted impacts on affected populations, the environment, society as a whole, or the US economy, markets, or energy independence being both markers of broader impact, but indicators of intellectual merit as well, especially when paired with a convincing research gap in the introductory sections of the documents. Table 3 shows the themes designated as Broader Impacts. These were determined by the NSF definition of Broader Impacts, which was included in the Introduction, as well as open coding from the activities that the participant described as contributing to the broader impact. 
Energy and Power
Topics affect advances in energy and power generation, or efficiency As a result of the proposed work, the overall energy consumption for the U.S. can be reduced, smart grid performance can be enhanced, and individual residential building energy use can be decreased. If electrical consumption is reduced, greenhouse gas emissions related to electricity production will also decrease." (Participant 30).
Collaborations
Collaborations with other researchers, universities, non-profits, institutions, or industry "By partnering with Ford and the University of Michigan, this research has the potential to advance the science of energy storage while accelerating the adoption of electrified vehicles." (Participant 7). Policy and Regulations Impact, involvement, or collaboration with politicians or decisionmakers for maximum benefit of research findings "To ensure that this research leads to action, I will consult people studying the policy-making process throughout the development of the mode. Their knowledge will help to determine the level of the policy-making process on which this model would make the most impact." (Participant 24).
Characterization of the Broader Impact themes resulted in a total of 15 categories, as shown in Table 2 . Categories were created to provide an accurate understanding of the ways in which participants argued for the broader impacts of their research. For example, rather than a broad "Education" theme, categories were defined for those referring to K-12 education, to higher education (college or graduate school levels), and to public education and outreach. In addition, prior versions of the coding schema combined the themes of "Benefits to disadvantaged populations," "Benefits to affected populations," and "Outreach to affected populations." However, the distinctions were made to distinguish between groups of stakeholders who participants noted as particularly disadvantaged (due to socioeconomic status, populations living in areas affected by natural disasters, etc.), and a few participants discussed how they would conduct outreach activities particularly targeting their affected populations (i.e., involving patients in engineering outreach involving therapeutic robotics). Other categories merged in the final iterations of coding: Economic benefits were coded to any impact that was related to markets, profitability, industry, benefiting the economy at large, or any other mention of fiscal or economic effects of research.
B. Distribution of Intellectual Merit and Broader Impacts Usage Across Engineering Disciplines
In an effort to understand some of the ideological commitments of the writers across engineering disciplines, the data were disaggregated by participant discipline, as self-identified during data collection. Since no efforts were made to quota sample by discipline, there is a wide range of participant distribution. Aeronautical and Astronautical Engineering only had one participant, and so those data were grouped with Mechanical Engineering. Similarly, there was one "Ocean Engineering" participant, whose data were grouped with the Civil and Environmental Engineers. The total number of participants is shown in Table 4 , in addition to the frequency counts and percentage of the discipline's total codes are reported according to each of the intellectual merit and broader impacts themes characterized. 
Outreach to Affected populations The emphasis of certain disciplines in various areas of the chart is widespread. Particularly, the aggregate emphasis (percentiles) between Intellectual Merit criteria and Broader Impact criteria across disciplines in the bottom-most section of Table 4 indicate that some disciplines are heavily "merit" oriented while others are "impacts" oriented, summarized in Figure 1 :
Benefits to Affected populations
2 (13%) 1 (4%) 6 (18%) 6 (5%) 1 (5%) - 1 (7%) 11 (10%) 4 (17%) Environment and Climate - - 1 (3%) 4 (4%) 1 (5%) - - 4 (4%) 1 (4%) Societal Benefit - 1 (4%) 1 (3%) 2 (2%) - 1 (6%) - 3 (3%) - Economic Benefits - - 3 (9%) 4 (4%) - - 2 (13%) 7 (6%) 2 (9%) General Safety/Health 1(6%) - 1 (3%) 4 (4%) - 1 (6%) 2 (13%) - - United States Interests - - - - - - 1 (7%) 2 (2%) 1 (4%)
Energy and Power
- - 2 (6%) 1 (1%) 2 (10%) 1 (6%) 3 (20%) 7 (6%) 2 (9%) Collaborations 2 (13%) - 1 (3%) 23 (21%) - 1 (6%) 1 (7%) 2 (2%) 2 (9%) Policy - - - 10 (9%) - - 1 (7%) - 1 (4%)
Merits-oriented Disciplines (>50% themes classified as Intellectual Merit)
Impacts-oriented Disciplines
(>50% themes classified as Broader Impact)  Agricultural and Biological Engineering  Biomedical Engineering  Electrical and Computer Engineering  Engineering Physics  Chemical Engineering  Civil/Environmental Engineering and Ocean Engineering  Materials Science Engineering  Mechanical Engineering and Aeronautical and Astronautical Engineering  Systems (incl. Industrial) Engineering
Figure 1: Distribution of engineering disciplines between merits-orientation and impactsorientation according to research results
That Biomedical Engineering participants were so heavily merit-oriented should be of note with respect to prior literature, most of which is conducted at the undergraduate level, which surmises that biomedical engineering has a high number of women because of its human-oriented applications. Similarly, Gilbert proposes that the gendered nature of departments may have to do with disciplinary values of collaboration and teamwork: That those fields that value both independent and collaborative advances (in the paper, Materials Science Engineering) had higher proportions of women than did Mechanical Engineering, which reproduced hierarchical maledominated norms 30 . These data does not refute those claims, but offers a deeper understanding of disciplinary identity for graduate students. Over three-quarters of the total themes for biomedical engineering are focused on intellectual merits despite the clear linkage for most biomedical research to impact the lives or well-being of whole groups of people. One reason for this discrepancy may be that they felt like the broader impact to affect humans was so obvious they need not discuss it explicitly within the paragraphs that discuss explicit impacts of the projects. Another alternative explanation is a potential need to maintain engineering "rigor," understanding that human-centered research may be considered outside the typical engineering role. The other surprising categorization is the impacts-oriented nature of some of the most established engineering disciplines, like civil and mechanical engineering. As one of the oldest disciplines, Mechanical Engineering is one of the most diverse in terms of applications spanning both fundamental and applied research, and although some areas of expertise directly impact human welfare, many may be several product-generations away from applying to the betterment of society. These findings may be explained by the wide distribution of Broader Impacts themes: Mechanical Engineers covered all the categories, including all the education and outreach categories. This may be a reaction of the writers to their discipline's traditional background, thinking of ways to expand the impacts of their work through K-12, higher education, or public venues.
V.
Discussion
A. Interpretation of Findings
The 50 engineering graduate students described the intellectual merit and broader impacts of their research through a variety of themes, characterized into five broad constructs of intellectual merit and 15 constructs of broader impacts themes. The merits and impact are posed at various levels of specificity, from general claims of importance to the discipline or plans to publish, to the very specific: identifying specific journals to which findings will be submitted. In terms of broader impact of research, some participants extended the technical impacts, outcomes and benefits of their research projects, such as financial gains, effects on the climate or environment, or betterment of human health, to broader impacts that are related to outreach, education, and broadening participation in science, technology, engineering, and mathematics (STEM). Although the National Science Foundation offers definitions of the two criteria and examples of each, we see through this characterization of intellectual merit and broader impacts activities that graduate students are forging their own definitions and activities to extend the impact of their work, rather than staying within the safe norms of the discipline. This extrapolation of the broader impacts and intellectual merits criteria outside of the explicitly stated activities provided by the National Science Foundation also indicates the development of an identity within research and a commitment to extending one's research into the venues that she or he finds most rewarding.
Some students aligned their broader impacts work with the education and outreach activities with which their advisor and/or research group are already involved. While this may potentially seem like an easy way to define intellectual merit, we can think of the commitment to service in the light of socialization. This means that in these research intensive universities, whose researchers conduct world-class research, there exists a commitment to broadening participation, reaching underserved populations of K-12 students, and impacting the community through science and engineering outreach. This focus and priority is being effectively passed from advisor to student, and then formally announced to the academic community by the early-career graduate students as they assimilate into a research environment and try a new narrative of self 6 regarding their academic identity.
Concerning the relationship between advisors and graduate students in the socialization process, although participants in this study were not asked if they received help from a research advisor, senior graduate students, or other resources, many students applying for NSF GRFP do seek help from these sources. This further confirms the act of writing as social and disciplinary community, and validates the idea that early-career graduate students are working to assimilate into the norms and values of the research community. Even if the participants' first drafts were changed significantly after feedback from a trusted mentor or advisor, this demonstrates an aspect of discourse enculturation.
Viewed through academic literacies theory, the narratives employed by these graduate students are meant to strongly align with disciplinary values and norms in order to argue most effectively for the merit of the research proposals. The graduate students are practicing their academic literacy through the use of both disciplinary language and jargon and the types of activities that they perceive best demonstrate the intellectual merits and broader impacts of their research proposals.
The distribution of themes across the broad intellectual merits and broader impacts criteria broadly differ. Although we have a total of 50 participants unevenly distributed across disciplines, the sample is nationwide from NSF GRFP winners. While individual variation may occur, disciplinary ideology and identity is a concept that may be discussed with respect to whether the discipline is impact-oriented or merit-oriented. Some of the findings were counterintuitive to prior literature regarding engineering identity studies working within specific disciplines, for example, one would expect biomedical engineering to have been more impactsoriented than merit-oriented. Similarly, the research proposals from mechanical engineers were overwhelmingly concerned with the broader impacts of the work, which is not expected from the few critiques of engineering disciplinary culture.
Another way of thinking about this difference between the nature of the outcomes of the field has been proposed in a different way through Biglan's classification of higher education academic disciplines (across humanities, social sciences, science and engineering) into hard and soft disciplines, pure and applied outcomes, and life-or non-life-topics of interest 31, 32 . While Biglan sorts disciplines into one of eight categories along these themes (e.g. most engineering fields are in the "hard," "applied," and "non-life" category), we can potentially consider a similar model to map the various engineering disciplines along an axis of "merits" and "impacts" as vocabulary to discuss where disciplinary ideological commitments and values lie.
Although the total sample of participants was relatively large for qualitative analysis, much larger samples within each engineering discipline across the U.S. would be needed to confirm these disciplinary discourses of identity. Even through this data set studying graduate students, we can assume that these students are considering the merits and impacts of their respective research projects. In light of recent campaigns by the National Academy of Engineers concerning "Messaging for Engineering" 33 and "Changing the Conversation," 34 perhaps the focus of new generations of graduate students have been enculturated into a newer engineering ideal which may focus differently on the impact that engineering can have on human lives, as is the focus of many recruitment campaigns and messages within undergraduate engineering programs as part of diversity campaigns. Indeed, the fact that the National Science Foundation requires the graduate students to meet the same Intellectual Merit and Broader Impacts criteria required by grant awardees signifies commitment to requiring engineers, future academicians, and researchers to carefully consider the merits and impacts of their work. This is potentially a valuable form of reflective practice (essential for developing expertise) 35 , and contributes to the definition of the essence of engineering and what it means to be an engineer, although faculty definitions of engineering largely still differ from the proposed messaging 36 .
B. Implications for Graduate Engineering Education
The differences between students across engineering disciplines in their employment of broader impacts and intellectual merit criteria indicate that each discipline has its own disciplinary culture. Although few studies specifically study or report the disciplinary identities or visions for particular engineering disciplines, we posit that a more thorough understanding of the ideologies and disciplinary identities may help students select an engineering research discipline that fits their personal epistemologies regarding the purposes and impacts of engineering research careers. Although cutting-edge research is becoming increasingly inter-and multidisciplinary, it is important to understand the relationships of the engineering disciplines to each other. By understanding what each discipline is and is not, students can select to pursue advanced degrees within fields that fit their professional-personal identities merged identities that are developed in graduate school.
Along with this discussion of disciplinary identity as it relates to student identity, another implication of this research is in the use of engineering writing activities to foster engineering identity and commitments within graduate students. Because the NSF GRFP is specifically judged via the criteria of Intellectual Merit and Broader Impacts, applicants frame their research projects around these definitions and begin to think about the ways in which their research activities impact different stakeholders, and/or how they can begin to reach out to extend science and engineering to diverse populations. Indeed, the NSF GRFP can be considered an authentic engineering writing task that helps students "ventriloquize" 7 their engineering research identities as contributing members of the discipline, which in turn promotes the learning and fluency in technical engineering research rhetoric, which inspires identity development and commitments to their academic choice.
C. Opportunities for Further Research
Future work related to these concepts will require more work in terms of what it means to be a Mechanical Engineer (for example), at an undergraduate, graduate, junior career faculty, and senior career faculty member. Studies on engineering students' choice of engineering discipline suggest that the match between disciplinary values and students' self-concepts and values is important, and that better understanding of each discipline may lead to better matches 37 . In addition, this topic has not been addressed for graduate students, especially among those graduate students who switch disciplines for their graduate work or between master's and Ph.D. programs. Longitudinally, it may be interesting to map these disciplinary identities over long periods of time, especially in times of significant technological revolution and innovation. This research might seek to answer questions such as "What is the cohesion that brings together often disparate research topics and applications in engineering?" Furthermore, the effects of knowing the disciplinary identities is equally important, and therefore research answering questions like "Is alignment of disciplinary ideals with personal epistemologies and ideals a good indicator of engineering identity and persistence?" may be an interesting future step for disciplinary discourse and engineering education research.
VI.
Conclusion
